ABSTRACT: This research is to identify impact factors in both cost and benefit aspects using quantitative techniques and then to determine their corresponding weights for sustainable road engineering projects. The impact factors are initially gathered from literature review and expert interviews, resulting in a total of 10 factors for questionnaire development. A 5-scale Likert questionnaire is accordingly developed for a survey. With the fulfillment of statistical criteria, 54 of 120 questionnaires are returned and a reliability test is employed to examine sampling adequacy in the beginning stage of data analysis. Therefore, we are able to identify the impact factors by the use of eight tests of missing value, mean, standard deviation, skewness, t-testing, correlation coefficients, factor loading, and measures of sampling adequacy (MSA). To determine the weight of each factor, the principle component analysis combined with orthogonal rotation best fit this research. Therefore, the analysis yields the results showing that 3 components include 9 factors in the cost aspect and 2 components include 6 factors in the benefit aspect. The finding is anticipated to benefit practitioners in the designing, planning, budgeting, and controlling phases of road engineering projects.
INTRODUCTION
Sustainability has become one of most important issues for road engineering in considering environment protection.
However, the effort to achieve such work may be costly, not economically beneficial to engineering practitioners.
With the consideration of cost and benefit aspects, this research is to identify the impact factors for the aspects of cost and benefit using quantitative techniques, and to determine of their corresponding weights for road engineering projects. Adopting such systems in the design phase may save maintenance fee in the operating phase [11, 12] . Numerous studies pointed out those factors based on ecoconsiderations need to be involved in the planning stage of road construction projects [13] [14] [15] [16] [17] [18] [19] . A total of 22 factors were concluded from literature review.
SURVEY AND BASIC DATA ANALYSIS
Using these 22 impact factors gathered from the previous work as the basis, we carry out expert interviews to examine the applicability of the factors. Experts suggest that the aspects of cost and benefit share the same sets of factors. Expertise from 30 expert interviews modifies and restructures the factors. The number of the factors is reduced from 38 to 10 which are pavement configuration, green environment, soil reservation, route selection, material, facility, structure, construction method, waste reduction, and intelligent transit. A questionnaire, accordingly, is developed using these factors as the stems.
The survey aims at practitioners with 3 or more year experience regarding road engineering. With the random selection from either public or private sectors, a total of 120 questionnaires are distributed and then 54 are returned within a month. Respondents from academic institutes make up the major proportion at 46%. The rest returned questionnaires are from public sectors and private sectors at 33% and 21% of the total, respectively. 54% of the total respondents have over 10 year experience. Among them, the positions of two-third respondents are division heads or above.
FACTOR ANALYSIS
It is necessary to meet the criterion of sample size greater than 200 or greater than 5 times more than the stem number before conducting the factor analysis [20, 21] . The survey with 54 returned questionnaires satisfies the requirement. Tables 1 and 2 (green environment, soil reservation, and route selection)
in the benefit aspect are removed. As a result, there are 9
and 7 factors remaining in the cost and benefit aspects, correspondingly. Meanwhile, Factor facility is subject to deletion due to the threshold > 0.5 [22] . The three components obtained for the cost aspect based on transformation convergence are the: sustainable planning, construction method, and sustainable facility. For the benefit aspect, these two components can be named: construction method and sustainable facility. The results obtained from the principal component analysis There are numerous types of road construction projects, which have various conditions. It is encouraged that the survey can aim at more specific road construction project.
Succeeding studies may develop evaluation models, decision models, or other advanced systems to facilitate practitioners in determining sustainability of road projects.
It is always hoped that increased sustainable project will create more win-win situations for mankind. [10] Beyer, C., Konrad, W., Rügner, H., Bauer, S., Liedl, R., 
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